Recently, Choe & Cheng (2002) have demonstrated that multiple magnetic flux systems with closed configurations can have more magnetic energy than the corresponding open magnetic fields. In relation to this issue, we have addressed two questions: (1) how much fraction of eruptive solar active regions shows multiple flux system features, and (2) what winding angle could be an eruption threshold. For this investigation, we have taken a sample of 105 front-side halo CMEs, which occurred from 1996 to 2001, and whose source regions were located near the disk center, for which magnetic polarities in SOHO/MDI magnetograms are clearly discernible. Examining their soft X-ray images taken by Yohkoh SXT in pre-eruption stages, we have classified these events into two groups: multiple flux system events and single flux system events. It is found that 74% (78/105) of the sample events show multiple flux system features. Comparing the field configuration of an active region with a numerical model, we have also found that the winding angle of the eruptive flux system is slightly above 1.5π.
I. INTRODUCTION
The solar eruption is the origin of most variations in the near-earth space environment. The energy released by a solar eruption is believed to be stored in the preeruption magnetic field. Since the time scale of the magnetic energy accumulation (∼days) is much longer than the time scale of the energy release (∼hours), solar eruption is considered as a spontaneous transition process from a high energy state to a lower energy state. Among diverse solar eruptive phenomena, coronal mass ejections (CMEs) are of the grandest scale and exert the most serious influence on the earth's space environment. Observations show that a CME always starts in a closed magnetic field region, and eventually stretches out magnetic field lines in radial directions (Hundhausen 1998) . This phenomenon is called field opening. If a field opening is a part of a CME, which is considered as a spontaneous process, the pre-eruption closed magnetic field should have more energy than the open field appearing in the later stage. This possibility is, however, denied by the so-called "Aly-Sturrock theorem," which states that no closed force-free fields with the same boundary normal field distribution can have more energy than the corresponding open field. This argument was first conjectured by Aly (1984) and physical proofs for it were independently provided by Aly (1991) and Sturrock (1991) .
The proofs by Aly and Sturrock are seemingly flaw-
less, but are based on some implicit assumptions that cannot be taken for granted. Although Aly himself recognized the pitfall of his proof procedure (Aly 1991) , the solar physics community has accepted the theorem without much doubt. It was Choe & Cheng (2002) who first raised serious skepticism about the A-S theorem and tried to find a counter-example among multiple flux systems. By constructing force-free fields numerically, they have found that some force-free multiple flux systems indeed have outstandingly more energy than the corresponding open fields. It is also interesting that the configurations of those high energy fields quite resemble the pre-eruption field configurations observed by Yohkoh SXT (Moore et al. 2001) . Comparing numerical models with observations, Choe (2008) has found that the winding angle between flux tubes in active regions bearing CMEs lies between 2π and 2.5π. In this study, we identify multiple flux systems that turned out to produce CMEs between 1996 and 2001 and weigh their importance in eruption compared to single flux systems. We also attempt to find multiple flux configurations similar to two-flux systems constructed by Choe (2008) and estimate the winding angle between the sub-flux systems so that it may be presented as a threshold of solar eruption. In section II, the procedure of our data analysis is expounded, and our results are presented in section III. A brief summary and discussion is delivered in section IV.
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II. DATA ANALYSIS
To investigate source regions of halo CMEs, we have made use of a list of front-side halo CMEs compiled by Kim et al. (2005) , and the relevant information in the SOHO CME online catalog (Yashiro et al. 2004 , http://cdaw.gsfc.nasa.gov/CME list). The total number of the front-side halo CMEs compiled is two hundred in 1996 through 2001. Then, we have examined Soft X-ray images of the sun in their pre-eruption stages taken by Yohkoh SXT. Among them, we have selected those events whose source regions are near the disk center, because for limb events, it is difficult to recognize field structures in SXT images. As a result, a total number of 105 events are selected. For the identification of their magnetic polarities, we have used the corresponding SOHO/MDI magnetograms (Scherrer et al. 1995) . The synoptic data for given NOAA active regions are taken from Solar Monitor online site (http://www.solarmonitor.org). In the case that more than one NOAA active region are closely located or no information about the source active region is available, we select the active region that is the closest to the event position given in Yohkoh SXT Observing Log.
The first major task of our study is to find out whether each active region associated with an eruptive event in our sample is a multiple flux system or a single flux system. Our criteria for multiple flux systems are (1) that footpoints in one polarity region should be apparently detached and (2) that the magnetic fields emanating from them should be directed differently. We have classified the sample events by the criteria into two groups: multiple flux system events and single flux system events. As an example of multiple flux systems, Figure 1 shows the Yohkoh SXT image and the corresponding SOHO/MDI magnetogram of the Active Region AR 8100 that was observed on 1997 November 4. The SXT image clearly shows two distinguishable sub-flux systems. The sub-flux system A showing many twists is positioned near the solar surface and constitutes a bright core of the active region. The faint sub-flux system B is of a distended loop shape hanging over A, while its legs seemingly creeping under A. Thus, we infer that the two sub-flux systems are interwound. One may ask why multiple sets of loops necessarily correspond to multiple flux systems. For example, a curved flux rope that is tightly twisted near its axis and very loose at regions far from the axis could display both sets of loops. To address the question we have compared our images with the pictures of other numerical simulations of flux ropes (e.g., Recently, Choe (2008) has constructed two types of numerical models of interwinding two-flux systems. In the first type (Case 1), one sub-flux system takes a finite volume and the other takes an infinite volume. Thus, the former looks like a bright core and the latter looks like a faint distended loop (Figure 2 ). In the second type (Case 2), both sub-flux systems take a semiinfinite volume. In this case, the two sub-flux systems show a certain degree of symmetry (Figure 3) . Choe & Cheng (2002) and Choe (2008) have found that the model two-flux systems have more energy than the corresponding open fields when the winding angle between the sub-flux systems exceeds 1.5π. If an observed multiple flux system resembles either of the model two-flux systems, we may be able to roughly estimate the winding angle between the two sub-flux systems by comparing it with the model systems. It is the second major task of our study to find an active region whose magnetic structure looks like one of Choe's model and estimate the winding angle.
III. RESULTS
In Table 1 , we summarize the observational information of the selected 105 events. It lists the erupting time, the location of the source region, its Active Region (AR) number, and the flux system class, i.e., either a multiple flux system or a single flux system. It is found that 74% (78/105) of the sample events belong to the multiple flux systems. This fact indicates that multiple flux systems are far more heavily involved in major solar eruptions than single flux systems.
For the estimation of winding angles in multiple flux systems, we have searched for events whose field configurations are similar to one of the model two-flux systems in Choe & Cheng (2002) and Choe (2008) . Here the winding angle is defined as a sum of the rotation angles on each side of the polarity inversion line. It is a little disappointing that we have found only one active region (Figure 1 ) that is similar to Case 1 of Choe & Cheng (2002) . This is because most real field configurations are more complex than the model configurations and the resolution of the Yohkoh SXT is not so good as to clearly identify field connectivity. From a direct comparison of the selected observation with the numerical model, we have estimated the winding angle between two observed flux tubes. For a more accurate explanation we present a cartoon in Figure 5 which simply describes the field connectivities between two fluxes (A, B) and shows two possible flux tube footpoints (B1 and B2) on the magnetogram. As seen in the cartoon, the existing loops are interwound by at least 1.5π with respect to the case with zero winding angle (dashed circle). This value is a little larger than the open field threshold 1.5π obtained by Choe & Cheng (2002) . In this regard, it is interesting that two of the pre-eruption sigmoidal structures in Moore et al. (2001) are found to have winding angles greater than 2π (Choe 2008) .
IV. SUMMARY AND DISCUSSION
In this paper, we have studied the importance of multiple flux systems in CMEs. Having selected 105 halo CME events which occurred in 1996 through 2001 and whose source regions are near the solar disk center, we have examined their field connectivities in Yohkoh SXT images and magnetic polarities in SOHO/MDI magnetograms. The sample active regions are classified as either multiple flux systems or single flux systems. Our result shows that 74% (78/105) of the sample active regions belong to multiple flux systems. We guess that the possibility of mistakenly judging a multiple flux system as a single flux system is larger than the possibility of the opposite cases. For example, Figures 3 and 5 of Moore et al. (2001) also bear some ambiguity when one looks at the images at one time only. However, their overall evolutions are biased toward the multiple flux systems scenario.
We have also looked for active region configurations which look similar to numerical models of two-flux systems by Choe (2008) , and have found one active region with a similar configuration. Comparison of this observed configuration with the model configuration tells that the winding angle of the observed system lies at least 1.5π. This result is consistent with that of Choe (2008) , who has shown that the pre-eruption sigmoidal systems observed by Moore et al. (2001) also have winding angles above 1.5π. Our observation along with that of Moore et al. (2001) suggests that the winding angle threshold for eruption may be slightly above 1.5π.
Our result that multiple flux systems are much more heavily involved in major solar eruptions than single flux systems can be interpreted in the following two ways. First, multiple flux systems are vulnerable to diverse topological transition of states by magnetic reconnection. Second, multiple flux systems may have more magnetic energy than the open fields and may be able to create a CME manifesting field opening. The two interpretations are not exclusive against each other, but B1 1.5π
B2
2π complementary to each other. The observations by us and by Moore et al. (2001) indicate a possibility that the magnetic fields of pre-eruption active regions have winding angles of 1.5π at least. This implies that the pre-eruption magnetic field has a more energy than the open field energy, and supports the second interpretation. However, since the sample size is small (only three events), further examinations are needed. The winding number of an active region may be estimated by dividing the estimated magnetic helicity by the total magnetic flux squared (e.g., Jeong & Chae 2007) . The resulting value is generally very small (∼ O(0.1)). Our finding and many observations of erupting prominences give a much larger value. This is still an unresolved puzzle in solar eruption physics. With reservation, we speculate that only part of the magnetic flux in an active region be ejected, which has a winding number larger than unity. However, this problem calls for extensive studies in the future.
